The synthesis and free radical polymerization of a methacrylamide monomer, 5, bearing non-covalently attached cyclodextrins and the chalcone function with a barrier group, is described. The first step of preparation of the monomer was the condensation of 4-(N-methacryloyl-6-aminohexanoylamino)-acetophenone, 1, with 4-nitrobenzaldehyde. The resulting 1-(N-methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(4-nitrophenyl)-2-propen-1-one, 2, was reduced with tin(II) chloride dihydrate to the corresponding 1-(N-methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(4-aminophenyl)-2-propen-1-one, 3. After this, the aminochalcone was condensed with a barrier group, triphenylacetyl chloride, yielding 1-(N-methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(N'-triphenylacetyl-4-aminophenyl)-2-propen-1-one, 4. Monomer 4 was copolymerized with methyl methacrylate to the model polymer poly[4-co-methyl methacrylate], 6, and also complexed with dimethylated β-cyclodextrin to the semi-rotaxane (4 / 2,6-Me 2 -β-CD) 5, which was copolymerized with methyl methacrylate, yielding a polyrotaxane (5-co-methyl methacrylate) 7, containing a cyclodextrin ring in the side-chain. The semi-rotaxane 5 and both copolymers 6 and 7 were characterized spectroscopically and also by means of differential scanning calorimetry, gel permeation chromatography and thermogravimetrical analysis, and -in the case of 5 -by mass spectrometry. Furthermore, the UV-induced E/Z-isomerization of both polymers 6 and 7 was examined in tetrahydrofuran solution. A retarding effect of the noncovalently attached cyclodextrin was finally detected.
Introduction
The synthesis and investigation of small molecules with so-called rotaxane-structure is described in many papers [1] . The syntheses of aliphatic polyesters/crown-ether polyrotaxanes [2] , main-chain polyrotaxanes [3] and several side-chain polyrotaxanes [4] were also described. Our interest was to prepare a photosensitive comb-like polymer with a chalcone moiety and cyclodextrin (CD) in the side chain by free radical polymerization. We have recently shown that polymers, bearing various spacer groups and also chalcone functions, show different behaviour upon irradiation with UV light [5] . The UV spectra of these polymer, due to E/Z-isomerisation and [2+2] cycloaddition, exhibit no isosbestic point and the calculated extinction difference (ED) diagrams deviate from the computed linear behaviour [6, 7] .
In this paper, we present a new way to prepare comb-like polymers bearing chalcone groups and non-covalently attached cyclodextrins in the side chains. In contrast to our recent studies dealing with the polymerization behaviour of cyclodextrincomplexed standard monomers [8] we have now used a photosensitive guest containing a barrier group to prevent threading of the ring component during chain growth. The goal of the present work was the preparation of semi-rotaxane 5 and the following free radical polymerization of 5 without significant loss of CD. In addition we discuss the influence of the CD-host on the photokinetics of the chalcone moiety.
Scheme 1. Synthesis of monomer 4 Results and discussion
The aim of the present work was to prepare new comb-like polymethacrylamides containing non-covalently attached cyclodextrins and a modified chalcone (1,3-diphenyl-2-propen-1-one) in the side-chain. The preparation of the photoreactive monomer 4 was performed via aldol condensation of 4-(N-methacryloyl-6-aminohexanoylamino)acetophenone, 1, with 4-nitrobenzaldehyde. The resulting nitrochalcone [1-(N-methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(4-nitrophenyl)-2-propen-1-one], 2, was reduced with tin (II) chloride dihydrate in ethyl acetate solution [9] to the corresponding aminochalcone [1-(N-methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(4-aminophenyl)-2-propen-1-one], 3. The obtained aminochalcone was then condensed with the barrier group, triphenylacetyl chloride [10] , to the monomer 1-(N-methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(N'-triphenylacetyl-4-aminophenyl)-2-propen-1-one, 4 (Scheme 1). The barrier group is necessary to prevent dethreading of cyclodextrin from the guest molecule during polymerization.
Monomer 4 was copolymerized with methyl methacrylate in a mole ratio of 1/5 to yield the model polymer 6 (Scheme 2). Furthermore, 4 was complexed with 2,6-dimethyl-β-cyclodextrin (2,6-Me 2 -β-CD) in organic solution to prepare semi-rotaxane 5 (Scheme 3) that was clearly soluble in water. It has to be pointed out that the guest monomer 4, in contrast to 5, is not soluble in water. Copolymerization of 5 with methyl methacrylate in a mole ratio of 1/5 yielded a new comb-like polymer 7 that contains a cyclodextrin ring in the side-chain (Scheme 4). The structure of 5 was verified by fast-atom bombardment (FAB) mass spectrometry. Fig. 1 shows a peak series of the undestroyed complex consisting of 4 and 2,6-Me 2 -β-CD. The main peak is the one corresponding to a mass of 2021 and can be assorted to the [M+H] + -peak of the complex 5, the neighbouring peak with mass 2022 represents the peak of the 13 C isotopes. The peaks with a distance of 14 mass units (1993, 2007, 2035 and 2049) are the result of the methyl ether distribution in the cyclodextrins. The formation of CD-complex 5 was also proven by 1 H NMR measurements. Fig. 2 shows a comparsion of the 1 H NMR spectra of monomer 4 and semirotaxane 5 in the region between 0 and 9 ppm. A significant high-field shift with different values of spacer and chalcone protons can be seen. The signals of the barrier group protons H r,s,t can be found in the same region in both spectra without any variance. This indicates that this part of the molecule is not involved in the interaction with the cyclodextrin ring. With the help of thin layer chromatography (TLC) followed by I 2 development, it can be clearly shown that no free cyclodextrin exists in 5. This method is very suitable to ensure that not even a low amount of free cyclodextrin exists in a complex or polymer solution [11, 12] . The successful copolymerization of 5 with MMA without significant loss of CD was proven by different methods. The presence of cyclodextrin in the polymer was corroborated by IR and NMR measurements. Fig. 3 shows the 1 H NMR spectrum of 7 in comparsion to 6 (region between 0 and 3,2 ppm) with a typical shift of the signals of the main-and side-chain protons. As described above, a high-field shift with different values can be detected for the side-chain protons H d -H o and the main-chain protons H a,a' and H b,b' (assignment in Fig. 3 ) caused by the influence of the surrounding cyclodextrine [13] . The barrier group protons H q,r,s do not show this shift.
This indicates that the location of the cyclodextrin ring in the copolymer is not fixed, which means that the cyclodextrin ring slides up and down along the side-chain. Also TLC followed by I 2 development shows that no free cyclodextrin exists in 7. The glass transition temperature (T g ) of polyrotaxane 7 is 125°C, which is 10°C higher than that of copolymer 6 without cyclodextrin. This indicates a reduced flexibility of the polymer chain due to the presence of non-covalently attached cyclodextrin molecules.
The irradiation of the tetrahydrofuran (THF) solutions of model polymer 6 and polyrotaxane 7 with UV light at 366 nm shows a different behaviour. A discontinuous irradiation of model polymer 6 exhibits no isosbestic point in the UV spectrum (Fig.  4) . Also the calculated extinction difference (ED) diagram shows no linear behaviour (Fig. 5) . Both results indicate that two or more different photoreaction pathways may take place [14, 15, 16] . It is known that, after an initial period, E/Z isomerization is followed by UV induced [2+2] cycloaddition in the polymer side-chains, which leads to the formation of insoluble, crosslinked products [17] . In contrast, polymer 7, bearing the cyclodextrine ring in the side-chain, shows the appearance of an isosbestic point in the corresponding UV spectra (Fig. 6 ). This fact and the linear dependency of the extinction differences ( Fig. 7) indicates that only E/Z isomerization and no other photochemical reactions occurred during the irradiation process. It can be concluded that, for the first time, it could be demonstrated that the different chemical, thermal and photochemical behaviour of the polymers bearing chalcone functions 6 and 7 can be clearly correlated with the influence of the cyclodextrin ring in the side-chain of 7. The CD ring in the side-chain also influences the flexibility of the polymer chain.
Experimental part

Materials
All chemicals were obtained from FLUKA and used without further purification. Heptakis(1,6-di-O-methyl)-β-cyclodextrin (Me 2 -β-CD) was obtained from Janssen Chimica. The solvents were purified by standard methods. Compound 1 was obtained as described in ref. [5] Apparatuses NMR spectra were recorded with a Bruker ARX 400 ( 1 H 400 MHz, 13 C 100.6 MHz), IR spectra with a Perkin-Elmer 1420, and mass spectra with a Varian MAT 311 A (70 eV) or in the case of fast-atom bomardment (FAB) with a Finnegan MAT 90. Elemental analyses were performed with a Perkin-Elmer 204 B elemental analyser, melting points were measured with a Büchi melting point determinator 510. Differential scanning calorimetry was carried out with a Perkin-Elmer DSC 7, thermogravimetric measurements with a Mettler TA 300 in air. UV spectra were recorded with a Shimatzu UV-VIS spectrometer 160A.
Thin layer chromatography was performed with Merck Kieselgel plates 60F 254 and methanol/H 2 O (2:1 v/v) as solvent; the products were developed with I 2 .
A mixture of 10,00 g (31,6 mmol) of 1, 4,80 g (31,6 mmol) of 4-nitrobenzaldehyde and 100 mL of a basic methanolic solution (1,0 g KOH/100 mL methanol) was vigorously stirred for 3 days at room temperature in the absence of light. After neutralization with conc. acetic acid, the precipitation was filtered off, washed three times with 100 mL of water and recrystallized from 150 mL of THF/ethanol yielding a pale yellow product.
Yield: 9,34 g (66 %), m.p.: 187 -189°C. 
1-(N-Methacryloyl-6-aminohexanoyl-4-aminophenyl)-3-(4-aminophenyl)-2-propen-1-one (3)
A solution of 6,00 g (13,3 mmol) of 2 and 16,12 g (71,5 mmol) of tin (II) chloride in 150 mL ethyl acetate was flushed with Ar and refluxed for 8 h. The solution was then poured into 400 g of ice and alkalized with a saturated NaHCO 3 solution up to pH 8. The suspension was extracted with ethyl acetate (4x100 mL), the organic phase was washed with saturated NaCl solution (3x150 mL) and dried over MgSO 4 and 1 g of charcoal. After filtration, the solvent was evaporated and the residue was recrystallized from ethanol.
Yield: 3,52 g (63%), m.p.: 98-100°C. A mixture of 5,00 g (11,92 mmol) of 3, 4,00 g (13,04 mmol) of triphenylacetyl chloride, 3,0 mL of triethylamine and 100 mg of 4-dimethylaminopyridine in 100 mL abs. THF was flushed with Ar and refluxed for 5 days. The solution was then acidified with 2% HCl to pH 6. THF was removed and the residue was dissolved in 50 mL of water. The suspension was extracted with ethyl acetate (5x100 mL), and the organic phase was dried over MgSO 4 . After filtration, the solvent was evaporated and the residue was washed with 250 mL of hot diethyl ether. The pale yellow product was 3,00 g (4,34 mmol) of 4 and 7,00 g (5,25 mmol) of 2,6-Me 2 -β-CD were dissolved in 50 mL of THF and stirred for 3 days at 40°C. After that, the solvent was evaporated and the residue was mixed with 50 mL of water and stirred for 12 h at 40°C. Then the suspension was filtered and the water was evaporated under reduced pressure. The pale yellow product was washed with diethyl ether at 5°C to remove free cyclodextrin and dried i. vac. at 40°C.
Yield: 5,25 g (60%). Polyrotaxane (5-co-methyl methacrylate) (7) A mixture of 4,00 g (1,98 mmol) of 5, 0,99 g (9,90 mmol) of MMA, 97 mg (5 mol-%) of AIBN and 120 mg (5 mol-%) of 1-dodecathiol as chain transfer agent in 30 mL of abs. THF were flushed with Ar and stirred at 60°C for 2 days. The working-up of the complexed copolymer was the same as described above.
Yield: 2,95 g (59%). From elemental analysis data, the mole ratio of 5/MMA in the copolymer was calculated to be equal to 1:6,5.
